BACKGROUND: Targeting epidermal growth factor receptors (EGFR) is an innovative approach to managing non-small cell lung cancer (NSCLC) which harbors EGFR mutation. However, the efficacy of these agents like erlotinib in patients without the mutation is not known.
L ung cancer is the leading cause of cancer death world-wide with more than 1.376 million patients die from this disease annually. [1] Non-small cell lung cancer (NSCLC) constitutes 85% of all lung cancers, with a dismal 5 year survival of 15% of all diagnosed patients. Although the cure for advanced NSCLC remains elusive, recent advances in molecular field coupled with the development of targeted therapies marked a step forward in the management of this disease. Personalized medicine in lung cancer is heavily dependent on histological subtypes and other molecular features of the tumors. Targeting epidermal growth factor receptors (EGFR) is an important treatment modality for many solid tumors including NSCLC.
Targeted therapy for EGFR in lung cancer preceded the full understanding of the mechanism of action and the identification of predictive markers. Gefitinib and erlotinib, tyrosine kinase inhibitors (TKIs), were approved and clinically used widely before the unraveling of the EGFR mutation story. [2] [3] [4] Therefore, patients with NSCLC were empirically treated with these agents both in practice and in multiple clinical trials that enrolled thousands of patients studying these agents in various settings such as randomized versus placebo or versus chemotherapy as a single agent or in combinations. [5, 6] After identifying the EGFR mutation, evaluation of EGFR mutation was initially carried out on tumor specimen from previously treated patients with TKIs to assess its predictive value in term of response and patient outcome. [7] [8] [9] EGFR mutation was found to be a strong predictive marker for tumor response and progression free survival (PFS). Then subsequent studies were developed using EGFR mutation as pre-requisite for patient selection and inclusion criteria. [10, 11] However, excited about the impressive impact of EGFR mutation, patients with EGFRWT tumors were deemed to be not suitable for TKIs therapy without proper study or evaluation. Clinical practice guidelines excluded these patients from TKI therapy as a matter of fact. [12] [13] [14] EGFRWT patients constitute 80-90% of all NSCLC and 60-85% of adenocarcinoma, which means more than half a million patients annually world-wide. These patients are deprived of these treatment options leaving them to the classic chemotherapy, which is more toxic and has limited benefits.
Our hypothesis is that patients with EGFR wild type (EGFRWT) tumors may benefit from TKIs, especially erlotinib as much as any other known therapies given in the salvage setting. Our study aims at studying the outcome of patients with advanced NSCLC with EGFRWT tumors who received erlotinib in randomized trials comparing it to other salvage treatment modality.
Methods
The research question Is erlotinib comparable with other management options in patients with EGFRWT NSCLC?
Protocol

Inclusion criteria
We included all Phase III randomized clinical trials that met the following criteria using the PICO Acronym. Study design randomized control trial that reported outcomes separately for patients with EGFRWT NSCLC.
Exclusion
We excluded any study using other concurrent cancer therapy with erlotinib; studies that did not have EGFRWT data or Phase II randomized studies.
Data Sources and Search Strategies
A comprehensive search of several databases from each database's earliest inception to May 2012, adults, any language was conducted. The databases included Ovid MEDLINE In-Process and Other Non-Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Ovid Cochrane Central Register of Controlled Trials, Ovid Cochrane database of systematic reviews and Scopus. The search strategy was designed and conducted by an experienced reference librarian with input from the study's principle investigator. Controlled vocabulary supplemented with keywords was used to search for lung cancer, erlotinib and EGFR as well as to limit to randomized controlled trials.
Data items
Data were obtained from review of the selected published manuscripts. Trials characteristics are presented in Table 1 including: Study label, diagnosis, line of therapy, number of patients, inclusion and exclusion criteria, intervention, patient number in each intervention arm, comparison and outcomes.
Risk of bias of individual studies
We used the Cochrane risk of bias tool to evaluate the quality of the studies. This tool assesses bias based on the adequacy of randomization and allocation concealment, blinding methods and loss to follow-up. We also considered whether the trials were halted prematurely, a characteristic that can exaggerate the effect size. Quality would be also weakened if EGFR testing was carried out in a retrospective fashion without a proper a priori planned stratification, which would 
Statistical analysis
The outcomes of interest are OS, PFS and RR. The OS is calculated from enrolment in study until death and PFS from enrolment in study until progression of disease to patient death. RR is calculated by adding complete response and partial response.
We pooled hazard ratios (HR) across studies using the random effects model incorporating within-study and between-study heterogeneity. Heterogeneity was evaluated using the I2 statistic with values >50% consistent with substantial heterogeneity. [15, 16] 
Results
Three studies were identified that meet inclusion criteria. Tables 1 and 2 summarize characteristics and quality of these studies. A study by Tsao et al. sponsored by the Canadian National Cancer Institute and OSI Pharmaceutical included 731 patients with NSCLC. Patients were randomized into 2:1 to erlotinib versus placebo in the second and third line of therapy. It included all non-small cell histology and EGFR testing was not pre-requisite for enrolment in the study. Authors reported OS and RR, but PFS was not reported. An EGFR testing was performed on archival tissue. EGFRWT was identified in 93/488 of treatment arm and 44/243 of the control arm. [8] The second study by Cappuzzo et al. (sponsored by Hoffman-La Roche) including 889 patients with NSCLC in the maintenance setting. The study included patients with stable responsive disease after 1 st line therapy. OS, PFS and RR were reported. EGFRWT tumor were identified in 199/438 and 189/451 in the erlotinib arm as placebo. [17] The third study by Ciuleanu et al. randomized 424 patients with NSCLC who failed first line therapy to erlotinib (203) or chemotherapy (221 pts) including docetaxel or pemetrexed. EGFRWT was identified in 75/203 in erlotinib arm and 74/221 in the chemotherapy arm. [18] A study by Lilenbaum et al. was identified by using erlotinib versus chemotherapy in patients with NSCLC and poor performance status. The study was not included as it was Phase II study in special population and had very small number of EGFRWT (13 patients in the erlotinib arm and 5 patients in the chemotherapy arm). [19] Other randomized studies that compared erlotinib to other agents such as pemetrexed gefitinib or vandetanib did not have biomarkers studies. [20, 21] Erlotinib was in both arms of some studies, which defeat the purpose of this study. [22, 23] Since RR was not reported in these studies and PFS was not reported in Tsao study, we only conducted meta-analysis for the outcome of OS [ Table 3 ]. The meta-analysis revealed HR of 0.780 (0.654-0.930) and P value of 0.006 in favor of erlotinib used compared with the control areas [ Table 4 ]. There was no statistical heterogeneity in the analysis (I2 < 50%).
The methodological quality of the studies was fair (one was unblinded) and all three had the allocation concealed none was stopped prematurely. None of them had proper stratified randomization procedures according to EGFRWT. Therefore, the results could be biased due to the effect of chance and spurious subgroup effect. The number of patients included in the analysis as well as the number of events were fairly small, leading to possibly lowering the quality of evidence due to imprecision. [24] 
Discussion
Our systematic review of the literature and meta-analysis demonstrated that erlotinib improves OS in patients with EGFRWT. These intriguing results confirm that TKIs are beneficial in this setting compared with other approaches beyond the first line setting. In spite of the limitations of the study that are related mainly to performing EGFR testing on a subset of patients in a retrospective fashion, the results are not surprising and are plausible.
First of all, the current therapy in the salvage setting had very dismal outcome with very limited options, minimal clinical benefits in term of RR or survival. Therefore, it is not a tough competition to compare newer agents with established standards. [4, 25, 26] The second point is that EGFR research is an evolving field. Techniques performed in clinical practice may not detect the mutation and all possible mutations of EGFR may not have been discovered yet. Therefore, the drug may work in these patients with unidentified mutation. One might argue that it is going to be a small fraction of patients with this characteristic. However, the trend in the management of NSCLC patients is to divide them into groups that respond to a personalized therapy irrespective of the group size. The story of crizotinib is a clear demonstration of how targeting a small percentage (4-5%) of patients is justified especially when it comes to a very prevalent disease like lung cancer. Furthermore, TKI may be working on other targets and may have other mechanisms that are not elucidated yet. This was evident by the clinical benefits in studies that exceeded the 10% prevalence EGFR mutation in the study population.
Although tumor RR was within that range; stable disease was encountered in a larger proportion of patients including patients who do not match the profile of EGFR mutation such as male patients, smokers and those with squamous cell histology. Furthermore, heterogeneity between primary tumors and distant metastatic lesions may result in not recognizing a response in lesions with EGFR mutations. [27] Although, we were unable to conduct meta-analysis on tumor response and disease control, these outcomes have been reported in patients with EGFRWT tumors. For example, in the BR21 Study, RR among the 81 patients who had EGFRWT tumor was 7%. [8] There are other factors that favor the use of TKIs, which are related to the convenience and safety profile. Compared with chemotherapy, erlotinib generally has lesser side-effects apart from diarrhea and skin rash. It usually does not cause cytopenia or neuro toxicity or significant other organ toxicities. [19, 20, 28] In addition, erlotinib did improve tumor related symptoms and enhance quality-of-life. [29] Furthermore, even in term of cost-effectiveness, erlotinib is likely a reasonable choice in managing NSCLC as it was shown in a study comparing it to docetaxel or even generic docetaxel. [30, 31] A very interested study using model simulation revealed that erlotinib maintenance in EGFRWT is cost-effective compared with best supportive care irrespective of the country setting. [32] There is a major caveat to this approach. If one claimed that erlotinib is as good as chemotherapy in EGFRWT and works better in EGFR Mutation (EGFRMUT), would it be acceptable to give it to all comers with NSCLC? The TORCH study showed improved OS and disease free survival if chemotherapy was given before erlotinib compared with the other way around. Hence, at least for the present time and until further comparative effectiveness research is available; this approach to patients with EGFRWT tumor should be limited to patients who are beyond the first line setting. Patients with EGFRWT and good performance status (PS) should received chemotherapy and not TKI. However, for second and third line, EGFR mutation may not carry the same importance and TKI remains a valid option, which was the setting of the trials included in this systemic review. [33, 34] 
Conclusion
Our study revealed a clear benefit to erlotinib in EGFRWT NSCLC patients. These findings challenge the established practice of depriving these patients from this well-tolerated option. This therapy is an option maybe even more clearly needed in certain populations with poor PS or those who cannot tolerate standard chemotherapy. 
